Castration in male rats decreased the activities of testosterone and progesterone hydroxylations and reduced the magnitude of spectral change caused by testosterone and progesterone in liver microsomes, accompanying less marked decrease in microsomal P-450 content and NADPH-neotetrazolium reductase activities. The administration of testosterone or methyltestosterone to the castrated rats completely restored the hydroxylating activities and magnitude of the spectral change. The simultaneous injection of estradiol or diethylstilbestrol blocked the action of the androgens. These results suggest that androgen increases the binding capacity of P-450 with steroid hormones and makes an increase in the hydroxylating activities and that estrogen directly prevents the above action of androgen.
A number of foreign compounds of high lipid-solubility are oxidatively metabolized to more water-soluble compounds by the liver microsomal hydroxylase system, called drugmetabolizing enzymes, in the presence of NADPH and oxygen Gillette, 1963) . It has been well known that the activities of drug-metabolizing enzymes are higher in male rats than in female ones (Quinn et al., 1958; Gillette, 1963; Kato and Gillette, 1965) . These activities are stimulated by anabolic action of androgen and simultaneous administration of estrogen blocks the action of androgen (Kato et al., 1962; Booth and Gillette, 1962; .
On the other hand, recent works of Conney and Klutch (1963) , Kuntzman et al. (1964) and Conney et al. (1965) have shown that liver microsomal enzymes hydroxylate various steroid hormones in the presence of NADPH and oxygen and that there are many similarities between the natures of drug-metabolizing enzymes and those of steroid hydroxylating enzymes. The activities of both enzymes are higher in microsomes from adult male rats than in those from adult female rats, and these enzyme systems have similar intracellular distribution, cofactor requirement and response to the administration of some drugs.
In the present communication, therefore, the effect of androgen and estrogen on the activities of testosterone and progesterone hydroxylations has been investigated. Since the involvement of cytochrome P-450 as the oxygen-activating enzyme and substrate-binding site in the hydroxylation of drugs and steroid hormones has been reported (Omura et al., 1965; Kato, 1966; Imai and Sato, 1967; Schenkman et al., 1967a) , the effects of androgen and estrogen on the content of cytochrome P-450 and the spectral changes of P-450 caused by testosterone and progesterone have been investigated in relation to the examination of hydroxylating activity of testosterone and progesterone. liver microsomal protein, and weights of seminal vesicle and levator ani muscle Castration in male rats and treatments with androgens and estrogens did not alter the ratio of liver weight to body weight and the content of microsomal protein (Table 1) . Castration markedly decreased the weights of seminal vesicle and levator ani muscle, and the treatment with testosterone or methyltestosterone increased their weights over the control values (Table 1 ). The simultaneous administration of estradiol or diethylstilbestrol failed to block the action of the androgens. These results indicate that the amount of the estrogens used in the present experiments is not enough to prevent the action of the androgens on the target organs.
Effects of androgens and estrogens on the content of cytochrome P-450 and activity of NADPH neotetrazolium reductase
The content of cytochrome P-450 and the activity of NADPH-neotetrazolium reductase showed slight sex difference (Kato and Takahashi, 1968; , and the effects of androgens and estrogens upon the electrontransport system were investigated in the present study.
Castration in male rats decreased slightly the content of cytochrome P-450 and the activity of NADPH-neotetrazolium reductase ( Table 2 ). The treatment with testosterone or methyltestosterone in the castrated rats restored the content of cytochrome P-450 and the activity of NADPH-neotetrazolium reductase to the control level. The administration of estradiol or diethylstilbestrol prevented the actions of of androgens restored the hydroxylating activity to the level of the intact males. The action of the androgens was prevented to take place by the simultaneous administration of estrogens.
Since the combined administration of diethylstilbestrol or estradiol prevented the action of testosterone or methyltestosterone, the structure specificity for the actions of androgen and estrogen was assumed not to be highly estimated as already reported concerning the studies on the hydroxylation of drugs . In addition, it is of interest to note that the action of androgens on the hydroxylating activity of liver microsomes is prevented by the low dose of estrogens which have failed to prevent the action of the androgens on the target organs.
Effects of androgens and estrogens on the metabolism of progesterone As shown in Figure 2 and lower in the males than in the females. Both activities seemed to be regulated by androgen in agreement with the opinion of Hagen and Troop (1960) . The activity for total hydroxylation of progesterone per P-450 was higher in microsomes from the males than in those from the females ( Table 5 ). The castration in the males decreased the activity for total hydroxylation of progesterone per P-450 and the administration of androgen restored the hydroxylating activity to the level of the intact males. The action of androgens was prevented by the simultaneous administration of estrogens. These results suggest that there may be other factor(s) responsible for the sex difference concerning the hydroxylation of steroid hormones, although the content of cytochrome P-450 is really involved in the sex difference.
Effects of androgens and estrogens on the magnitude of spectral changes caused by testosterone and progesterone Recent studies have established that an unique hemoprotein called P-450 is involved as the oxygen-activating component in a number of NADPH-dependent monooxygenase reactions such as hydroxylations of drugs and steroid hormones. Imai and Sato (1967), and Schenkman et al.(1967a) have reported that a number of drugs and steroid hormones, i.e. substrates of hepatic microsomal monooxygenases, react with the microsomal cytochrome to give two characteristic types of spectral changes, which are indicative of substrate interaction with cytochrome P-450 presumably representing the primary binding of substrate for enzymic hydroxylation.
Moreover, Schenkman et al.(1967b) have observed that the magnitude of spectral change caused by hexobarbital is greater in microsomes from male rats than in those from female. In a previous paper , we have described that the magnitude of spectral change caused by hexobarbital is increased by treatment with androgens and that estrogens antagonize the effect of androgens. In this connection, the effects of androgens and estrogens on the magnitude of spectral changes caused by testosterone and progesterone were investigated in the present study. As shown in Figure 3 , a clear sex difference was observed in the spectral changes caused by testosterone and progesterone. The castration in the males decreased the magnitude of spectral change of cytochrome P-450 caused by testosterone (Table 6 ). The administration of androgens to the castrated rats restored the magnitude of the spectral change to the level of the intact males. The simultaneous administration of estrogens blocked the action of the androgens. Moreover, the magnitude of testosterone-induced spectral change per P-450 was also decreased by castration. The administration of androgens to the castrated rats restored the magnitude of the spectral change and the simultaneous administration of estrogens blocked the action of the androgens. Furthermore, the similar results were obtained with progesterone-induced spectral change (Table 6 ). These results suggest that the capacity of P-450 to interact with steroid hormones is increased by androgens, and estrogens block the action of the androgens. The alterations in the magnitude of the spectral changes were similar to those in the hydroxylating activities, and this suggests that the sex difference in the binding capacity of P450 with testosterone and progesterone is a major factor responsible for the sex difference in the hydroxylating activities of steroid hormones by rat liver microsomes. Testosterone difference spectrum Fig. 3 . The difference spectra of cytochrome P-450 induced by progesterone and testosterone in rat liver microsomes.
The difference spectra were recorded on addition of progesterone (0.1mM) or testosterone into microsomal suspension (1.2mg protein/ml) isolated from male and female rats.
Discussion
In a previous paper , we have demonstrated that castration in male rats decreases markedly the activity of hexobarbital hydroxylation, and decreases slightly the activity of NADPH-neotetrazolium reductase and the content of P-450. The magnitude of spectral change caused by hexobarbital is also decreased by the castration. Moreover, the administration of testosterone or methyltestosterone restores the hydroxylating activity and the magnitude of the spectral change to the level of the intact males and the simultaneous administration of estradiol or diethylstilbestrol counteracts the action of the androgens. These results are identical with the present results obtained with testosterone and progesterone which were used as the substrate in place of hexobarbital. Thus, as shown in Table 6 , the decrease in the binding capacity of P-450 with the steroid substrate seems to be a factor responsible for the decrease in the activities of testosterone and progesterone hydroxylations.
The administration of estradiol or diethylstilbestrol to the castrated males or ovariectomized females did not result in any significant effect on the activities of testosterone and progesterone hydroxylations . These results suggest that the estrogens prevent directly the action of the androgens in the males. It has been recently observed that the action of androgen to increase the binding capacity of P-450 with the steroid substrate and the activities of testosterone and progesterone hydroxylations have been able to be demonstrated only in rats, but not in mice and rabbits . These results are consistent with our previous ones obtained as to the hydroxylation of hexobarbital , and suggest that there is an androgen-dependent regulating mechanism which is common for drug-metabolizing enzymes and steroid hormone hydroxylase(s). However, this mechanism seems to be unwarrantable genetically in other species of animals . At present, we have not known about the nature of the androgen-dependent regulating mechanism. According to the operon theory of Jacob and Monod (1961) , it was assumed that androgen might act as an inactivator to bind with an endogenous repressor, which may repress the action of a regulator gene responsible for the binding capacity of P450 with substrates of the microsomal hydroxylases. The additional administration of estradiol or diethylstilbestrol counteracts the stimulative action of testosterone or methyltestosterone on the binding capacity of P450 with the substrates (Table 6 ). It is thus assumed that, if androgen plays a role as an inactivator of the repressor, estrogen may interfere the binding of androgen with the repressor. Since estradiol and diethylstilbestrol counteract, to the same extent, the stimulative action of testosterone and methyltestosterone, the structure specificity for the binding of androgen with the repressor and interaction of estrogen with androgen are assumed not to be highly estimated.
Our further experiments have shown that the Km (Michaelis constant) values for the hydroxylation of testosterone and progesterone and the Ks (spectral dissociation constant) values for the spectral changes caused by testosterone and progesterone were together lower in microsomes from the males than in those from the females . The Km and Ks values are, hence, supposed to be regulated by androgen .
Our present results are in agreement with those observed as to hexobarbital hydroxylation and hexobarbital-induced spectral change . We give, therefore, support to the view of Kuntzman et al.(1964) that the drugs and steroid hormones are hy-
